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Siirekli Dalga Doppler Sistolik Pik Gradient
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GIRIS ve AMAC: Artan insan 6mrii nedeniyle diinyadaki yash
popiilasyon hizla artmaktadir. Yaslanma ile ilgili yeni parametreler
yaslanmanin fizyopatolojisini ve kardiyovaskiiler hastaliklardan
korunmada fayda saglayabilir. Bu ¢alismanmin amaci yaglanma ve
yaslanma ile iliskili hastaliklar ile desendan aorta CW doppler sistolik
pik gradient arasindaki iliskiyi saptamaktir.

YONTEM ve GERECLER: Calismaya 372 katilimct dahil edildi. Aort
koarktasyonu olan hastalar ve 18 yas alti katilimcilar ¢alisma dist
birakildi. Yatar pozisyonda, suprasternal pencereden desendan
aortaya paralel olarak stirekli dalga doppler ol¢giimleri kaydedildi.
Aortik siirekli dalga doppler sistolik pik gradienti tiim katilimcilardan
elde edildi. Katilimcilarin karakteristikleri, ekokardiyografik,
biyokimyasal parametreleri ile yas arasindaki iliski degerlendirildi.

BULGULAR: Desendan aortik stirekli dalga doppler sistolik pik
gradyani incelendiginde yasy ile negatif (r =-0.499,p<0.001);kreatinin
(r=-0.217,p <0.001); iire (r =-0.289,p<0.001); Hbalc (r = -0.252 p
<0.001); LVEDD (r =-0.188, p<0.001); LVESD (r =-0.200,p <0.001);
IVS (r=-0.259,p<0.001); PW (r =-0.248, p<0.001); LA (r=-0.272,
p<0.001); PAP (r=-0.217, p<0.001); E / E '(r =-0.185, p<0.001),
eGFR (Cockcroft-Gault mL / dk) (r =0.395,p <0.001) ve EF (r =0.266
p<0.001) ile pozitif korelasyon saptandi.

MannWhitney U analizinde desendan aorta siirekli dalga doppler
sistolik pik gradyani hipertansiyon (p<0.001), koroner arter hastaligi
(p <0.001), atrial fibrilasyon (p<0.001), ve sistolik kalp yetmezligi
hastalarinda (p<0.001) anlaml olarak daha diisiik saptandl. Stepwise
lineer regresyon analizinde, desendan aorta siirekli dalga doppler
sistolik pik gradientin ile yas arasinda bagimsiz korelasyon saptandi

(p<0.001).

TARTISMA ve SONUC: Desendan aorta siirekli dalga doppler
sistolik pik gradientinin 6l¢iimii yaslanma ile iliskili noninvaziv, pratik,
tekrarlanabilir ve basit bir yontemdir. Bu parametre klinik pratikte
yaslanmanin bir gostergesi olarak kolayca kullanilabilir.

Anahtar Kelimeler: Yaslanma, yashiik, Desendan aorta, siirekli dalga
doppler
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ABSTRACT

BACKGROUND: The world inhabitants increasing to grow older
fastly, due to rising longevity. A new parameters related to
cardiovascular aging may help to understand cardiac pathophysiology
and prevention of cardiac disorders. The aim of the study was to find
out a possible relationship between descending aortic continuous wave
doppler systolic peak gradient and aging, age related illnesses.

MATERIALS and METHODS: The study group was composed of 372
people. Aortic coarctation patients and under 18 years old participants
exluded to the study. Continuous wave doppler measurements from
suprasternal window at supine position were recorded with the cursor
parallel to main flow of direction in descending aorta. Descending
aortic continuous wave doppler systolic peak gradient was obtained
from all participants, and correlations were evaluated between
participants caracteristics, echocardiographic, biochemical
parameters and age.

RESULTS: When descending aortic continuous wave doppler systolic
peak gradient was analyzed, there was negative correlations with age
(r=-0.499, p<0.001); creatinine (r=-0.217, p<0.001); urea (r= -
0.289, p<0.001); Hbalc (r= -0.252 p<0.001); LVEDD (r= -0.188,
p<0.001); LVESD (r=-0.200, p<0.001); IVS (r=-0.259, p<0.001);
PW (r= -0.248, p<0.001); LA (r= -0.272, p<0.001); PAP (r=-0.217,
p<0.001); E/E’ (r=-0.185, p<0.001), ascending aortic diameter (r= -
0.269, p<0.001) and positive correlations with eGFR (Cockcroft-Gault
mL/dk) (r= 0.395, p<0.001), EF (r= 0.266 p<0.001). In MannWhitney
U test, descending aortic continuous wave doppler systolic peak
gradient was significantly lower in HT (p<0.001); CAD (p<0.001); AF
(p<0.001); systolic heart failure patients (p<0.001) when compared to
those without this disease.In stepwise linear regression analysis,
significant independent correlates of descending aortic continuous
wave doppler systolic peak gradient was only age (p<0.001).

CONCLUSION: Measurement of descending aortic continuous wave
doppler systolic peak gradient is noninvasive, practical, repeatable
and simple method and independently related to the aging. Decreasing
descending aortic continuous wave doppler systolic peak gradient
measurements can be easily feasible in clinical practice as an indicator
of aging.

Keywords:, Aging, elderly, descending aorta, continuous wave
doppler.
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INTRODUCTION

The world inhabitants not stopping to grow older
fastly, due to rising longevity. There is an obvious
relationship between aging and increasing cardiac
disorders. Therefore ageing is the largest risk factor
for cardiac diseases, the frequency of these diseases
grows significantly with increasing age . For this
reason, a new parameters related to cardiovascular
aging may help to understand cardiac
pathophysiology and prevention of cardiac
disorders. So as to develop old patient care and
forestall the age related cardiovascular disorders,
new insight should bring valuable information
leading to cardiovascular aging.

We categorized changes related to aging in the
heart on functional, structural, cellular and
hormonal. These factors may help to give reasons of
the age related risk factors in cardiac diseases.

Echocardiography gives us
noninvasive procedure for evaluating
between aging and cardiac disorders.

an easy and
relation

In this study; we present the new and basic
echocardiographic parameter related to aging:
Descending aortic continuous wave (CW) doppler
systolic peak gradient.

MATERIALS and METHODS

The study group was composed of 506 people
who apply cardiology policlinics for any reason.
Aortic coarctation patients and under 18 years old
participants exluded to the study. 134 participants
were excluded due to unclear suprasternal window
appearance. All the 372 participants included in our
study had echocardiographic images were of
sufficient quality. Coronary artery disease (CAD)
was defined as vessel with a stenosis >50% by
quantitative coronary angiography or history of
coronary artery bypass surgery and stenting.
Transthoracic echocardiographic examination

All patients underwent conventional
transthoracic echocardiography using Vivid-S5, GE
Vingmed ultrasound with a broadband probe.
Chamber diameters and ventricular function were
assessed according to current guidelines.

Continuous wave doppler measurements from
suprasternal window at supine position were

recorded with the cursor parallel to main flow of
direction in descending aorta. Routine biochemistry
analysis were evaluated and estimated glomerular
filtration rate (eGFR) was calculated using the
Cockcroft Gault formula.

Statistical analysis

All analyses were used the SPSS for Windows,
version IBM 22.0. All variables were performed for
normality using the Shapiro Wilk test. Continuous
variables were demonstrated as median and 25th—
75th percentiles; and categorical variables were
given as percentages. For the comparison of patients
with hypertension (HT), diabetes mellitus (DM),
coronary artery disease (CAD) and atrial fibrillation
(AF) were evaluated by Mann Whitney U test.

Statistically significance was defined if p<0.05
was found. Correlates of aortic valve continuous
wave doppler systolic gradient were assessed with
Spearman rank correlation test. Echocardiographic,
biochemical, clinical variables with relationship to
aortic valve continuous wave doppler systolic
gradient was tested with stepwise linear regression
analysis adjusted for age, eGFR, HbAlc, AF, HT,
CAD, EF, hemoglobin, E/E’.

RESULTS

A total of 372 patients who met inclusion and
exclusion criteria were included in the study. The
baseline  characteristics  and medications,
biochemical and echocardiographic parameters of
the patients are summarized in Table 1-2-3
respectively.

When descending aorta continuous wave doppler
systolic peak gradient was analyzed with the
biochemical parameters, there was negative
correlations with age (r= -0.499, p<0.001);
creatinine (r= -0.217, p<0.001); urea (r= -0.289,
p<0.001); Hbalc (r= -0.252 p<0.001); and positive
correlations with eGFR (Cockcroft-Gault mL/dk)
(r=0.395, p<0.001). (Table 4) (Figure 1-2-3)
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Table 1. Demographic data of the study group Table 3. Echocardiographical data of the study

Age (years) 59 (46-71)

Gender (M/F) 228/278 (45.1%/54.9%) LVEDD (mm) 46 (43-49)

Body Mass Index (kg/m2) 28.72 (25.39-32.63) LVESD (mm) 32 (28-36)

Coronary artery disease 90(18.1%) Ejection Fraction (%) 60 (55-65)

Hypertension 260 (522%) LA(mm) 35 (31_39)

Diabetes Mellitus 131 (26.3%) RV(mm) 22 (20-24)

Obese (BMI of >30 kg/m2) 206 (40.8%) PAP (mmHg) 25 (20-30)

Atrial fibrillation 116 (23.3%) E/E’ 9 (7.27-12)

Acetylsalicylic Acid 87 (17.5%) IVS (mm) 10 (9-12)

Warfarin 52 (10.4%) PW (mm) 10 (10-12)

Clopidogrel 27 (5.4%) Tissue Doppler E’ velocity | 8 (7-10)

ACE-1/ARB 147(29.5%) (cmfs) _

Spironolactone 25 (5%) Descending  aortic  peak 4,3 (3.2-6)

Calcium channel 120 (24.1%) gradient (mmHg)

blocker(Dihidropiridin)

B blocker 151 (30.3%)

Statin 83 (16.7%) Table 4. Biochemical parameters correlated CW

Nitrates 15 (3%) doppler descendan aortic peak gradient

Digoxin 9 (1.8%) Age Spearman Correlation -0.499

Thiazide 92 (18.5%) Sig. (2-tailed) <0.001

Loop diuretic 58 (11.6%) lati

New oral anticoagulant 59 (11.8%) eGFR Spearman Correlation 0,395

Amiodarone 10 (2%) (Cockeroft- gjg (2-tailed) <0.001

Diltiazem 19 (3.8%) Gault

Insiilin 32 (6.4%) mL/dk)

Oral antidiabetic 48 (9.6%) Urea Spearman Correlation -0.289
(mg/dl) Sig. (2-tailed) <0.001

Table 2. Biochemical data of the study group Creatinine Spearman Correlation 0,217

Glucose (mg/dL) 104.5 (95-119.75) (mg/dl)

HbAlc 5.6 (5.3-6.2) Sig. (2-tailed) <0.001

Sodyum (mEqg/L) 140 (139-142) )

Creatinine (mg/dI) 0.88 (0.75-1.05) Hbalc Spearman Correlation -0.252

Urea (mg/dl) 33 (25-42) Sig. (2-tailed) <0.001

eGFR (Co-Croft mL/dk) 93.52 (68.3-120.12)

Total Cholesterol (mg/dl) 194 (163.6-226.6)

LDL (mg/dl) 119.5 (93-148)

HDL (mg/dl) 44 (39-53)

Trigliserid (mg/dl) 129 (89-191.5) i

WBC (uL) 6.9 (5.7-8.48)

AST (U/L) 21 (18-25) % ) g

ALT (U/L) 17 (13-23) S

Platelet (uL) 248 (208.26-298) g 1o

TSH (1U/ml) 1.39 (0.95-2.19) H

T3 (1U/ml) 2.8 (3.33-3.43) g =

T4 (1U/ml) 0.92 (0.81-1.03)

Hb (g/dI) 13.1 (12-14.3)

Hematocrit (%) 40.7 (37.1-43.95) AGE

Figure 1. Relationship between descendan aortic CW doppler
peak gradient and age
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Figure 2. Relationship between descendan aortic CW doppler
peak gradient and eGFR (Cockcroft Gault Formula)
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Figure 3. Relationship between descendan aortic CW doppler
peak gradient and HbAlc

When descending aortic continuous wave doppler
systolic peak gradient was analyzed with
echocardiography parameters, there was negative
correlations with left ventricle end diastolic diameter
(LVEDD) (r= -0.188, p<0.001); left ventricle end
systolic diameter (LVESD) (r= -0.200, p<0.001);
interventricular septum diameter (IVSd) (r=-0.259,
p<0.001); posterior wall diameter (PWd) (r=-0.248,
p<0.001); left atrium diameter (LAd) (r= -0.272,
p<0.001); pulmonary artery pressure (PAP) (r= -
0.217, p<0.001); E/E’ (= -0.185, p<0.001);
ascending aortic diameter (r= -0.269, p<0.001) and
positive correlations with ejection fraction (EF) (r=
0.266, p<0.001). (Table 5) (Figure 4-5-6)

Table 5. Echocardiographic parameters correlated

EF Spearman Correlation | 0,266
Sig. (2-tailed) <0.001
LVEDD Spearman Correlation |-0,188
Sig. (2-tailed) <0.001
LVESD Spearman Correlation | -0,200
Sig. (2-tailed) <0.001
VS Spearman Correlation | -0,259
Sig. (2-tailed) <0.001
PW Spearman Correlation | 0,248
Sig. (2-tailed) <0.001
LA Spearman Correlation | -0,272
Sig. (2-tailed) <0.001
PAB Spearman Correlation | -0,217
Sig. (2-tailed) <0.001
E/E’ Spearman Correlation | -0,185
Sig. (2-tailed) <0.001
E’ wave Spearman Correlation | 0,402
Sig. (2-tailed) <0.001
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Figure 4. Relationship between descendan aortic CW doppler
peak gradient and posterior wall diameter (PW)
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Figure 5. Relationship between descendan aortic CW doppler
peak gradient and intervetricular septum diameter (1VS)
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Figure 6. Relationship between descendan aortic CW doppler
peak gradient and E/E’ ratio

Descending aortic continuous wave doppler
systolic peak gradient was significantly lower in
hypertensive patients when compared to the
nonhypertensive patients (MannWhitney U test;
p<0.001); lower in patient with coronary artery
disease when compared to the patient without
coronary artery disease (MannWhitney U test;
p<0.001); lower in patients with AF ryhthm when
compared to the patients with sinus rhythm
(MannWhitney U test; p<0.001); lower in heart
failure patients (EF<45%) when compared to the
patients without heart failure (MannWhitney U test;
p=0,010). There was not any relationship between
gender (MannWhitney U test; p=0,190).

Echocardiographic, biochemical, clinical
variables with relationship to aortic valve continuous
wave doppler systolic gradient was tested with
stepwise linear regression analysis adjusted for age,
eGFR, HbAlc, AF, HT, CAD, EF, hemoglobin and
E/E’. In stepwise linear regression analysis,
significant independent correlates of descending
aortic continuous wave doppler systolic peak
gradient was only age (p<0.001).

DISCUSSION

We categorized changes related to aging in the
heart on functional, structural, cellular and
hormonal. On a structural level, the left ventricle
wall thickens with aging as an outcome of increased
cardiomyocyte magnitude.

Left atrial size stays nearly the same during all of
the life in healty people ; and may not enlarge as an
effect of advancing age, in spite of the diastolic
dysfunction. In an advanced stages of life, atrial
contraction plays an important role in diastolic phase
in an old people.

Large left atrial diameter has been correlated with
the development of the atrial fibrillation, indicating
that atrial remodeling causes of the progression of an
atrial fibrillation .

On a functional changes of the aging heart; left
ventricle diastolic function decreases with aging 3-
like the E’ wave, proving reduced left ventricle
relaxation. Hypertension, diabetes mellitus, obesity
can increase these findings and may be designated to
as risk factors for cardiac aging. Besides, E/E’ rises
with aging along with other parameters. During all
of life, the left ventricle ejection fraction is
maintained within normal limits. On the other hand,
maximal exercise capacity reduces step by step,
because of the reduction in contractile reserve 3-5- .

Cardiac aging causes morphological changes in
the valves and 10 % of patients aged more than 50
years have mitral annular calcification .

Cardiac disorders are the primary reason of death
in the old population. Patients with cardiovascular
disorders over 60 years old, 70 % have atrial
fibrillation, 75 % heart failure and 80 % ischemic
heart disease . Aging is a major risk factor for all of
them. Hypertension, diabetes mellitus, obesity,
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hyperlipidemia and anemia stimulate the cardiac
aging . Also, The incidence and prevalence of aortic
aneurysms is low in the population under 60 years of
age - . The incidence of aortic aneurysms increases
with age.

In our study population, interventrivular septum
and posterior wall were thicker, left atrial size was
larger, E* wave was lower, E/E’ was higher and
ascending aortic diameter was larger in elderly
participants than the young participants. There were
more diabetes, hypertension, coronary artery
disease, chronic kidney disease and atrial fibrillation
in elderly participants than the young participants
similar to the above findings.

On a hormonal, cellular and molecular chancing;
oxidative stress, systemic inflammatory and
endocrine disorders contribute to cardiac aging
significantly - . Renin-angiotensin-aldosterone
system and B-adrenergic system plays an critical
role in regulating blood volume and systemic
resistance.

Oxidative stress is related to the cardiac aging.
Superoxide and hydrogen peroxide play the

important role of age related damage and
mitochondrial DNA damage. In addition
hypertension, diabetes mellitus, obesity,

dyslipidemia can speed up the cardiac aging.

Hearts and arteries are inseparable parts of a
whole. The arteries has two main functions. First,
arteries behave like pipes to carry blood to the distal
tissues. Second, arteries act as a windkessel
(hydraulic filter) to cushion blood flow and pressure
oscillations for guaranting peripheral tissue
perfusion at continuously circulation and pressure .

Due to the peripheric resistance, only some part
of the stroke volume is towarded front straight to the
peripheric tissues. 50% of stroke volume is stored in
the aorta expanding the arterial walls and
maintaining the blood pressure in diastolic period.
10% of the energy manifactured by the heart is stored
in the arterial wall for this function. In diastolic
period, by the stored energy, the accumulated blood
into the aorta sends to the peripheric tissues and
maintains the blood pressure. The effectiveness of
this function is associated with the elastic ability of
the vessel walls.

Articles related to arterial stiffness emphasize that
the main factor affecting stiffness is ageing . The
arterial walls become thicker and stiffer with ageing.
Due to the degeneration of the elastic fibres in intima
and media, vessel loses the elastic ability with aging.

Arterial stiffening is observed in a few diseases,
including atherosclerosis, chronic kidney disease,
hypertension and diabetes mellitus.

Cardiovascular aging can be evaluated by
practice of arterial stiffness examination. Invasive
and non invasive methods have been used for that
evaluation. Widely used and comfirmed techniques
contain pulse wave velocity assessment - -
However, when these studies are compared with our
study, the method and application region used is
different.

These outcomes propose that prevention of
cardiac aging can decrease the possibility of future
cardiac disorders. A protective diagnosis and
treatment strategy to decrease cardiac aging may be
consequential in the prevention of cardiac diseases
especially in aging societies.

To solve this subject, studies that include
effective prophylactic new parameters for aging will
be needed.

It is a fact that HT, DM, chronic kidney disease,
atrial fibrillation and heart failure are increasing with
the age. Descending aortic continuous wave doppler
systolic peak gradient was found to be lower in
patients with these diseases in our study population.
Besides, measurement of descending aortic
continuous wave doppler systolic peak gradient is
independently related to the aging.

Decreasing descending aortic continuous wave
doppler systolic peak gradient measurements can be
easily feasible in clinical practice as an indicator of
aging and it can be used for risk scoring. Further
studies are needed to assess importance of this
parameter.
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CONCLUSION

A new parameters related to cardiovascular aging
may help to understand pathophysiology and
prevention of cardiovascular diseases increasing
with aging. Measurement of descending aortic
continuous wave doppler systolic peak gradient is
noninvasive, practical, repeatable and simple method
and related to the aging and age-related illnesses
directly. Descending aortic continuous wave doppler
systolic peak gradient measurements can be easily
feasible in clinical practice as an indicator of aging.
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